
1- SS9 

0 ti b e Jl M H e H H bl M 
MHCTMTYT 

RJlBPHbiX 
MCCnBJlOBaHMM 

JlYfiHa 

IJ/rtn, 11 
Pl 12388 

B.r .rpHlliHH, 3.Kop6eJI, 3.TpKa, H.TpKoaa 

CPE,li,HEE q~CJIO HEHTPOHOB 

B 1t- p-, n-n- ~ 1t- 12c. CTOJIKHOBEH~HX 

nP~ 40 r3B/c 

1979 



PI - 12388 

1 1 2 
B.r .rpHmHH, 3.Kop6eJI , 3.TpKa, H .TpKoaa 

CPE~HEE qHCJIO HEMTPOHOB 

B 1t- p-, 1t- n- l1 1t- 12c. CTOJIKHOBEHHHX 

nPH 40 r 3B/ c 

HanpaeAeHo e Jltl> 

1 
Kapnoe yH~Bepc~TeT , npara . 

2 x v n ~M~Ko-TeXHOnOr~~eCK~~ ~HCT~TyT, para. 



fpHWHH B.r. H Jlp. 

CpenHee '!Hcno HeiiTpOHOB B TT- p-, TT- n- H 

TT- 12C -CTOnKHOBeHHSIX IIpH 40 fs8/c 

PI - I2388 

CpeJlHee 'lHCnO BTOpH'IHblX HeHTpOHOB B (rr -p) ,(rr-n) H 
-12,.... 

(rr I.J)-B38HMOJleHCTBHSIX IIpH p = 40 fs8/c OIIpeneneHO IIpH IIO-

MOUlH HCCneJlOBBHHSI BTOpH'IHblX HeHTpanbHblX 3Be3Jl, Bbl3B8HHblX 

HeHTpOHBMH B nponaHOBOH KaMepe. nony'leHbl 3HB'leHHSI K03tPtPHUHeH 

TOB rrepeaapSIJlKH: a(P ... n) = 0,37:!:_0,05 H a(n-.p) = 0,36:!:_0,06. 

OueHeHbi 3Ha'leHHSI Kos!f>!f>uuueHTOB HeynpyrocTH . llnSI HeiiTpoHoa. 

Pa6oTa BbrnonHeHa B fla6opaTopuu BbrCOKHX 3Heprui1 OYI HYI. 

npenpHHT 015'b8llHH8HHOrO HHCTHTYT8 IU18pHblX HCCn8llOB8HHA • .ayi5H8 1979 

Grishin V.G. et al. PI - I2388 
Average Number of Neutrons in rr -p -, 
rr-n- and rr- 12C- Interactions at 40 GeV/c 

The average number of secondary neutrons has 
been obtained in (rr- p), (rr- n) and (rr- 12C) -interactions 
at 40 GeV/c by means of studying secondary neutral 
stars induced by neutrons in a propane bubble chamber. 
The following values of coefficients of charge exchange 
were obtained: a(p -.n) =0.37 :!:_0.05 and a(n -+P)= 0.36:!:_0.06. 
The coefficients of inelasticity for neutrons have also 

been estimated. 

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

Y!ccneaOB8HHe B38HMOae.i1:C1'BHH TT -Me30HOB C nOMOUlhJO 

aByXMel'pOBOH nponaHOBOH KaMephl n03BOnSie1' nonyqHJ'h 
xapaKrepucrHKH (rr- P), (rr- n) , (rr- 12c)-BaauMoaeifcrBHH npu 

HMnynhce 40 faBle. Ba•Hoif xapaKrepucruKoif raKHX B38HMO

aeifcrBuif SIBnSieTCSI cpeaHee qucno BropuqHhiX HeifrpoHOB Ha 
OaHO B38HMOaeHC1'BHe < n j > B peaKUHSIX: 

TT + p--> X, 

rr- + n ... X, 

- ll>.r. 
TT + v .... X. 

( 1 ) 

(2) 

(3) 

Ecnu Mhi nonyquM <n i >, perucrpupySI lleifrpoHhi B peaKUHSIX: 

rr- + p .... n + X, 

rr- + n ... n +X, 

rr- + 12 C .... n + X, 

(1') 

(2.) 

( 3.) 

ro Mo•eM nonyqurb anSI (1) u (2) Koa¢¢uuueHrhl nepeaa
pSiaKu 

a(p ... n) = <n
1
>, (4) 

a{n .... p) = 1- <n 2 >. (5) 

KoaqJqmuueHT nepeaapSiaKu a(p ... n) anSI (1) no KOCBeHHbiM 
aaHHbiM onpeaenSinCSI B pa6ore 111. 

B HacroSIIUeif pa6ore aenaercSI rronhrrKa onpeaenurh < n i > 
npSIMblM CnOC060M, T.e. no Bl'OpuqHblM B38HMOaeifCTBHSIM 

B K8Mepe, Bbl3B8HHblM HeifrpOH8MH H3 peaKUHH ( 1) 1 (2) 
u ( 3) ( n -3Be3ahr). 

CHaqana (§2) o6cy•aaercSI aKcnepuMeHranbHaSI npoueay

pa nonyqeHuSI cyMMapHoro 'lucna n -aBeaa B peaKUHSIX ( 1), 
(2) H (3), 381'eM (§3) BBOaSITCSI nonpaBKH H8 ¢oHOBble 
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DpOUBCChl H paCCMaTpHBBIDTCll CHCTBMarwqeCKHe OWH6KH, 

CBll3aHHhle c MeroawKoA nponaaosoA KaMephl. B §4 npwse
aeHhl ~H3HqeCKHe pesynhTBThl H HBKOTOphle BhlBOaw. 

§2. ODPE.llEflEHI1E DOflHOfO 4I1CflA n -3BE3.ll 

.llnH onpeaeneHHll <n i > aBa)KahJ 6hJnH npocMorpeHhr 
crepeocHHMKH c asyxMerposoA nponaaosoA nyswphKosoA 
KaMepbi, o6nyqeHHOH TT- -Me30HBMH C P = 40 fa8/ C Ha 

cepnyxoBCKOM ycKopwrene. Perwcrpwposanwch KaK nepswq
Hhle B3BHMoaefiCTBHll DHOHOB, TBK H BCe BTOpHqHhie n -3B83-
ahi. 

y)s-sa KOHe~Hh!X pa3MepOB aeTeKropa anH KB)KaOA i -oA 
n -3Be3ahi 6bJn HaAaeH COOTBBTCTBYIDWHA Bee 

wi .----L-1 - e-fi ____ ' (6) 

rae f i - 3~~8KTHBH8H llnHHa npo6era HeHTpOHa, Bbi3B8BWe
ro n -ssesny, OT nepsw~Horo ssawMoneAcTBHH no nepece

~eHHll c rpaHwueH: a~~eKTHBHoA o6nacra KaMepw • .llnwaa ~ 
aaercH B enwawuax nnHHhi cso6onaoro npo6era aeArpoaa 
B nponaHOBOH KaMepe: 

1 
L = ---- , (7) 

na 

rae n - qwcno Bllep onpeneneHHoro THna (p, 12 C) B 1 eM 3, 

a- COOTBeTCTBYIDWee ceqeawe B38HMOllBHCTBHll HeATpOHa 
C 8THMH Hllp8MH. 

Bcnencrswe roro, qro BCH o6pa6oTKa sKcnepwMeHTanb
Horo Marepaana senacb Ha npocMorpOBhiX cronax, HaMw 

OT6HpanHCh TOnbKO ll -3Be3ahi C qwcnoM BTOpHqHh!X 38pB
)KeHHhiX qacrau N3ap. 2: 3. 

Jlnll HCCneaOBBHHll n -3Be3ll 6bJnO npOCMOTpeHO BCero 
8992 pa6oqax CHHMKa. BseaeM o6osHaqeawe · N(i) nnH qacna 
neps~P!HhiX <&o6hrrwii Twna ( 1 ) , (2) w ( 3). Bcero 6hmo 

HaiiaeHO N TOT= 2882 C06b!THH. 0HH pasnenllnHCb Ha THllhi 
no o6wenpwHBThiM KpwrepwllM 121. Cpenw N TOT Haiineao 

5% C06b!THA, KOTOphre Henb3ll HllBHTH~HUHpOBBTh. 0HH 6bJnH 
pasneneHhl no rwnaM ssawMoneACTBHA nponopunoaanbHO N{Q, 

N(2) H N{3).0npeneneHHhre TBKHM cnoco6oM N(i) npwseneHhi 

B Ta6n. 1. J1x COOTHOWBHHe HBXOllHTCH B XOpOWeM cornaCHH 
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Ta6nwua 1 

3KcnepwMeHTanhHhle saaqeHHll qwcna nepswqHhlX co6hlTHA 

H ~wcna HBHTpOHOB B peaKUHHX (1), (2) H (3) 

PeaKUHll N(i) Nn (i) 

--
1: rr-p .... x 1337:t_37 411:t_53 
2: rr-n .... X 501:t_22 244:t_46 
3: TT- 12C .... X 2142:t_46 931:t_76 

c aaHHhiMH pa60Thl /3/, B rr- 12C ssawMoaeACTBHH BKniD~eHhi 

TT- n -B38HMOll8HCTBHll H 44% TT -p· B38HMOaefiCTBHH, KOTOpb!e 

CBll3BHhl CO B38HMOlleHCTBHeM ITHOHOB C KBB3HCB060llHhiMH 
HyKnoHaMH Hnpa yrnepona ~( Ha srwx )1{8 pa6o~ax Kanpax 

DpH llBOHHOM H838BHCHMOM npOCMOTpe 6hlnH HBHllBHhl BTO
pwqHbie ssawMoneACTBHll rwna n -ssesn c N3ap 2: 3. Dpw 

aanw~HH Ha Kanpe nepswqaoro ssaaMoneAcTBHll aaxonwnach 

COOTBBTCTBYIDW8ll 8~~eKTHBH8H nnHHB npo6era HBHTpOHa, 
o6pasosaswero n -ssesay. 

TaKHM nyTeM 6hJnO Hafineao 18~ n-sse3llhi, CBH3BHHhiX 
C n epBH~HhiMH B38HMOllefiCTBHHMH, H 33 BTOpH~Hh!X 3B83llhl 
6es nepBH~HhlX B38HMOlleACTBHH. 

4ro6hr nony~HTh saaqeawe L B (7), Mhi wcnonhsosanw 

nsa nonxoaa nnll onpeneneHHH ceqeHHH ssaaMoneAcTBHll 
Hei1:Tp0HOB a: 

1. 8hillenHnHCh B38HMOlleHCTBHH HBHTpOHOB CO CB060llHhi

MH npOTOHBMH (N3ap 2: 3). 

2. I1cnonbsosanwch see ssawMoneACTBHll aeArpoHa c Mone

KynoA nponaHa (N3ap2: 3). 

1. 0T6wpanwch TonbKO n -ssesnhr ran a (n + p .... X), N3ap :::_ 3. 
JlnH K8)KllOrO TBKOrO B38HMOllBHCTBHll OUBHHBanCll ero 

CYMMBpHhlH HMITynbC p, KOTOphlA MO)KHO CqHTBTb OUBHKOH 

HMnynbca HeATpoaa (Pn ), Bhi3saswero n -ssesny: 

Pn = 1,5p = 1,5lpk , 
rne p k - HMITynbChl 3apll)K8HHhiX ~aCTHU ll-3Be3llhl. 0TCIDll8 
6hlnO nony~eHo, qro Mhi perwcrpwpyeM sropwqHhJe aeH:rpOHhi 

c P n > 1 fsB/c. 
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iln.SI K8)!(t:lOrO (p n) i H8lllnlf ·ITO / 4/ a i B38HMOJleHCTBH.Sl 

(np) c N3ap 2: 3 H COOTBeTCTBeHHO e i • T 8KOH noaxoa 
JlOn)!(eH JlBTb CYMMY BeCOB L W i , H3 KOTOporo onpeaen.SI

eTC.Sl nonHoe '!Hcno Heil:rpoHOB (N u) an.SI N TOT' 

Bcero 6hrno Hail:aeHo 45 n -3Be3Jl THna (np), HX cyMMa 
BeCOB L W i = a}48, C y'leTOM TOrO, 'ITO ( 44:!:_2)% (np) 

B38HMOJleHCTBHH npOHCXOJlHT H8 KB83HCB060JlHOM npOTOHe, 
Mbl MO)!(eM nony'IHTb nonHOe 'IHCno Heil:TpOHOB 

Nn = 0,56!. wi = 1147 ± 253. 

2 . 0T6HpanHCb Bee 3Be3Jlhr c N3a ?: 3 H an.SI KB)!(JlOil: 
6brno Hail:aeHo 3Ha'leHHe p . .Un.SI Bcex f82 n -3Be3Jl nonyqeHo 

< p >, KOTopoe .SIBn.SieTC.SI oueHKoil: cpeaHero HMnynbca Heil:Tpo

HOB <p n > ' Bbl3B8BlllHX ll - 3Be3Jly: 

< p n > = 1,5 < p > = 1 ,5x4,2 f3B/c = 6,3 f3B/c. 

.Un .SI onpeaeneHH.SI ce'leHH.SI HeATpOHOB c MoneKynoH: npo-

naHa (N:lap 2: 3) Hcnonb30BanHcb aaHHhre pa6orbr / 5 / a n.SI 
< p n > = 6, 3 f3B/c, H nony'leHO <a>. ITpH noMOillH <a> 
llOC'IHT8Hbl Wi Jln.SI K8)!(Jl0H n -3Be3Jlbl . 

lln.SI 182n -3Be3Jl 6brno HaAaeHo: Nn = !. w i = 1160:!:_94 
H cpeaHHA Bee n -3Be3Jlbi < wi > = 6,38. 

T aKHM o6pa3oM, o6a MeToaa aanH OJlHHaKOBwe pe3ynb

TaTw. 0KOH'IaTenbHhle pe3ynbT8Thl npHBOJl.SITC.SI no nocneaHe~ 
MY BapHaHTy. 3Ha'!eHH.SI N i (i) an.SI Bcex peaKUHil: ( 1), (2) 

H ( 3) npHBeJleHbl B Ta6n. 1. 

§3. ITOITPABKII K 4Y!CnY 3APEfY!CTPY!POBAHHbiX 
HEHTPOHOB J.1 K 4l-JCnY ITEPBli4HbiX 

B3A I1 MO.UEHCTBI1 11 

ITepB biM HCTO'IHHKOM <PoHa an.SI n -3Be31l .SIBn.SIJOTC.SI co
yaapeHH.SI,Bbi3BaHHhie HeHTpanbHblMH '1 8C THU8MH, He CB.Sl38H
Hb!MH co B3aHMOJleil:crBH.SIMH ( 1), (2) H (3). KaK Mhr y)!{e 
rOBOpHnH, TBKHX cnyqaeB 33 Ha 6110 CHHMKBX B OTCyT
CTBHe C06biTHH (1 ), (2) H (3), 0TC!Oil8 n erKO OUeHHTb 

'IHCnO <iJoHOBhlX Heil:TpOHHhlX 3Be3Jl Ha CHHMKBX, rae 6wnH 
n epBH'IHble B38HMOJleHCTBH.Sl (2882 CHHMK8): 

N(¢ ) = _!_ -~~g__ 33 < w . > = 51. 
1 2 6110 1 

6 

BTopbiM HCTO'IHHKOM <PoHa an.SI n -3Be3Jl .SIBn.SIJOTC.SI 
BTOpH'lHbie B38HMOJleHCTBH.SI, Bb!3B8HHble V0 -'18CTHU8MH, 
pO/lHBlllHMHC.Sl B C06biTH.SIX ( 1), (2) H ( 3) • .Uanbllle Mbl 
oueHHM HX '!Hcno N(¢2 ). 

113 pa60Tbl~/ H3BeCTHO cpeaHee 'IHCno V0 -'!BCTHU HB 

OJlHO nepBH'IHOe B38HMO/leHCTBHe: < K 0S > , <K~ > H <A 
0
> . 

EcnH y'leCTb BepO.SITHOCTb Toro, 'ITO V0 -'18CTHUB onpeaeneH
HOrO THllB aana B KaMepe BTOpH'IHOe B38HMO/leHCTBHe 

c N3ap 2: 3, nony'!HM N (¢2 ) = 3.9. 
ITony'leHHhie TaKHM cnoco6oM N(¢ 1) H N(¢ 2) Haao Bbi-

qecTb nponopUHOHanbHO H3 Nn (1) , Nn (2) H N n(3). 
KaK 6hrno noKa3aHo B 111, cneayeT yqecTb HeKOTOpbie 

nonpaBKH K H8HJleHHhlM nepBH'IHhlM B38HMOJleHCTBH.SIM d3-38 
HeOJlH03H8'1HOCTH orrpeaeneHH.Sl HX THIT8 (1), (2) HnH (3), 
ITpHMepHo 7% co6wrHil: (2) .SIBn.SIIOTC.SI Ha caMoM aene co6w
TH.SIMH (1) c o'!eHb MeaneHHbiM rrpoTOHOM (p ::; 100 M3B/c), 

KoropwA B KaMepe He perHCTpHpOBanc.SI. ITpHMeCb .SIJlepHhlX 
CTOnKHOBeHHH COCTBBn.SieT ~3% Jln.SI peaKUHH (1) H ~ 8% Jln.SI(2). 

§4 . PE3Y nbT ATbl 11 BbiBO.Ubl 

Y'IHThlBa.SI rrepe'!HcneHHwe B §3 rrorrpaBKH, Mhl rrony'IHnH 
OKOH"IaTenbHhie 3Ha'!eHH.SI N(i) H Nn (i). 0TC JOJla orrpeae-

nHnH 3H8'1eHH.Sl 

Nn (i) 
< n . > = -------- ' 

1 N(i) 
( 8) 

KOTOpbie rrpHBeJleHbl B TB6n, 2. 

Ta6nHua 2 

CpeaHee '!Hcno Heil:TpOHOB Ha OllHO B38HMOJleil:crBHe 

P eaKUH.SI 
N(i) N n(i) 

< ni > < ni > 

Pn.? 1 f 3B/c TOT 

1: 11-P -+ X 1331:!:_34 396:!:_51 0,30:!:_0,04 0,37:!:_0,05 

2:11-n .... X 429:t_21 199:!:_38 0,46:!:_0,09 0, 64:!:_0, 11 

3: 77- 1:t; .... X 2058:!:_45 844:!:_82 0,43:!:_0,04 0,54±_0,05 
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Cpeaaee 'iHeno < ni > no (8) Ha eaMOM aene OTHOeH:TeSI 
K HeRTpoHaM e Pn ::: 1 faBle. 

.QnSI TOrO 'iT06hi HaRTH <n i >TOT anSI HeRTpOHOB Be ex 
HMnynbeOB, Mbl aomKHbi HaRTH nonpaBKY Ha 'iH:eno HeRTpOHOB 
e p n < 1 faBle, Oo aKenepHMeHTanhHbiM aaHHbiM H3BeeTHO: 

N(11-h -> p + X, Pp ::; 1 FaB/c) 
1 ) ----------------------------- == 7%. 

N (17-n) 

N(11-P __. p + X, Pp'S.1FaB/c) 
2 ) ----------------------------- == 18 %. 

N(11 - P) 

YfexoaSI H3 npHBeaeHHhiX aaHHbiX, Mbl MO)!(eM nony'iHTh 
anSI eo6hlTHR (1) H (2): 

< n l > TOT = < n 1 > + 0,07 
<n 2 >TOT = < n 2 > + 0,18 

H 3Ha'ieHHe <n3 >TOT. CpeaHHe 'iH:ena < n i > TOT npHBeaeHbi 
B noeneaHeM eTon6ue Ta6n. 2. 

0 onyqeHHOe . HaMH 3Ha'ieHHe a (p -> n) = 0,37±_0,05 HaXo
aHTeSI B xoporneM eornaeHH e BenH'iH:HOR a (P-> n) = 

( 0,34±_0,03) H 3Ha'ieHHSIMH a B (pp) B3aHMOaeReTBH SIX I l l , 

B paMKax npoeTOR KBapKOBOR MoaenH a (P -> n) = 0,33 111• 

CpaBHHBaSI Koa¢~muHeHThi nepe3apSiaKH B 11-P H 11-n -
B3aHMOaeReTBH5IX, nony'iHM: 

a ~-~-~L = 1.03 ±0,21. 
-~ (n ... P) 

YKa3aHHoe 3Ha'ieHHe He npoTHBope'iHT npeanono)!(eHHID, eae
naHHOMy B pa6oTe Ill o paBeHeTBe a (p -> n) H a (n -> p). 

3Ha'ieHHe < n3 > aaeT HaM B03MO)!(HOeTb paeeMOTpeTh 
npoeTym Moaenh eoyaapeHHSI 11- -Me3oHa e SiapoM 12C, no 

KOTOpOR npOHexoaHT TOnbKO oaHO B3aHMOaeReTBHe e HyKnO
HOM Siapa. C ornaeHo Ta6n. 2, O)!(HaaeM anSI epeaaero 'iHena 

HeRTpOHOB < n >MOA: <n >MOA = (0,5x0,37) + (0,5x0,64) =0,51. 

CpaBHHB < n >MOA H <n3 > , nony'iHM: 

<ns > 
--------- = 1.06± o. 27. 
< n >MOA 

OonyqeHHbie HaMH 3Ha'ieHHSI <p .> H < n. > aaiDT B03M0)!(HOeTb 
n 1 

nony'iHTh OUeHKY KOa<iJ<iJHUHeHTa HeynpyroeTH HeRTpOHOB n l 
e Pn > 1 faBle BO B3aH:MoaeReTBHSIX (1), (2) H (3)- k(n): 
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< p ><n.> 
k ( n) = ---~-----1____ , ( 9 ) 

Po 
rae p0 = 40 faBle. 3aaqeHHSI k(n) npHBeaeHbi BTa6n. 3: 

Ta6nHua 3 

Koa¢cpH:UHe HTbi HeynpyroeTH 6bJeTpbiX HeRTpOHOB ( p > 1 faBle) 
n-

( eTa T • OiliH6KH == 20% ) 

PeaKUHSI 
--

1 : 11-P -> X 

2: 11-n -> X 

3: 17- t2c _, x 

k(n) 

0,05 

0,07 

0,07 

3Ha'ieHHe k(n) He npOTHBOpe'iH:T OUeHKe KOalPQHUHeHTa He
y npyroenr B peaKUHH ( 1), KOTOpaSI npHBOaHTeSI B n I, 

ABTOphi Bbipa)j(aJoT 6naroaapaoeTh A.n .faenapSIHY, E .H .Knaa
HHUKoti, B.M.illeXTepy 3a none3Hble o6ey)!(aeHHSI H eoBeTbi. 
HaM npHSITHo no6naroaapHTh na6opaHTOB J1B3 H KH<t> M<t><t> 
KY 3a npoeMoTp H H3MepeHHe eo6biTHR. 
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